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Effects of Mach Number on maximum 1ift¢’
by
F.N. Kirk, M.P.G., I.D.M.
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le Unswept Wings

The date on the effect of Mach number on Cp, pax axe scanty and
their ad=hoc nature permits only two conclusioms.

(n) At a given Mach number, the Cj, pyax Of sections with far beck
position of the maximum thickness is higher than that of conventional
sections, owing to the further back position of the upper surface shock
Wavte

(b) At high Mach numbers thin aerofoils have higher Op, max
than thicker ones.

Systematic research is needed and as the effect of Reynolds
mmber on Cy ;.. appears to be amall at high Mach nurber the systematic

tests oould be made say in the N.PelLe. high spced tunnels The most
important parameters on which evidence of their effects is rejuired
are thickness-chord ratic, position of maximum thickness and camber.

No simple mecans of improving Op pax at high Mach numbers can be
suggested. Distributed suotion over a portion of the upper surface
may improve O pax 28 long as the suction is applied just behind the

shock waves The testing of such a deviece would be of value although
its praotical applications are limited to the range of Mach numbers
where the ghock wave is in the region where suction is applied.

Griffith acrofoils scem likely to have relatively high Cr, max

at high Mach mudbers and an investigation of the high spced character—
istics of a Griffith aerofoil would be well worthwhile.

2. Sweptback wings

No experimental evidenoe on the Cr, max of sweptback wings at high
M is availables Sweptback wings at high speeds however, show the
same early tip stalling tendencies as they do at low speeds. Low
speed wind tunnel tests with suction are to be made shortly and should
give some indication of the practicabilit: of this soheme at high M.
The effect of sweepback is to increase the scctional Cy, max over the
inner portion of the wing and a suitsble ramedy for the tip stalling may
be sufficient to give high CI, max at high M for sweptback wings.

1.
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Introduection

Reeent project work on same high speed high altitude designs
shown that one of the most important paraneters deciding the size of

an aireraft for a given manoeuvrability* is the Cp pay that can
attained at the high speeds considered. A knowledge of the maximum
1ift and the stalling incidence i3 also necesszary when considering the
effects of up gustss For some wing scctions Cp pqy bas been found to
be sericusly affeeted by compressitility; the availatle data have there-
fore teen analysed in order to assist in the sclection of wing sections
with suitable characteristics.

Tte wings of some of the high spced designs now envisaged are
sweptback and, from a stalling point of view, this is a complicating
feature. This note is therefore divided into two main seections dealing
with unswept and sweptback wings scparately.

!
2 Unswept wings

21 Experimental cvidence

Same flight measurementa of the variation of "L P with Mach

nunber are given in Figs.l and 2 and all show large ef'fects.

Fige3 contains all the known wind tunncl data on the M.A.C.A.0012-53
section. Most of the experimental points arc frog three dimensional
tests (Refse 1, 2, 3 and 4) on acrofoils of aspeet ratio 6 with taper
ratio between 1le0 and 0e5s  Op pax lirst drops rapidly from 1.5 at

M = 0.2 to about 0.8 at M = 0.45. This is followed by a further tut
more gentle drop to a value of 0,67 at M = 0.8, where Cp, jpax increases

again, The 1ift carpct of this aerofoil (Ref.1) shows a peculiarity
cccurring fairly frcauently in other similar high speed tests. The
1ift curves in the region 0a7< M < 0,8 exhibit subsidiary maxima some-
what lower than the true maxima. The reason for this is not elear as
the corrcsponding pressure distributions are not available dut it is
thought to be caused by the relative displacement of the shock waves

on both surfaccs. Scveral aireraft in {light have been unable to
reach their actual Cp, pax either through loss of control power or

through severe btui'feting. Subsidiary maxima in the 1lift ewrves similar
to those found on the N.A.C.A.0012-63 1ift curves may be a possible
causc of buffcting in flight and a practieal limitation on Cr, max.

Experimental points on the N.A.C.A.0012-£3% scetion fram indepcrdent
sources are lacking above M = O.4 but as no large differences in SL B

would be expected between the two dimensional case and the tests with
an aspect ratio of 6 the data from Ref.5 and 6 have also been plotied
in Pig.3. These data indiecatc that the effeet of Reynolda nuniber is
small above M = 0.45; below this value of M the aotzea curve of
PFige3 shows the probable variation of Cp pax with M at constant
Reynolds nunibers

Figures 1, 2, 3 ard 4 con%ain all the known experimental data on
the effect of Mach nurber on CL max® The ad hoc nature of the tests
makes it impossible to draw any gencral conclusions as to the effect

of the various parameters. There is however a maiked difference

¥ Manoeuvrability is here uscd in its old sense i.c. that of ability
to do manocuvres. A measure of this is the maximum normal accelera-
tion and therefore O, max that can bte attained in level flight.

ks
Je
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ctween t of the Cp, vs iach number curv for conventioral arnx

lov drag aerofoils s illustrated in Pige2. At least uf to M = C".
low drag acrofoils have higher Cp may than conventional aerofoils of
similar thickness-chord ratio, Also thin aerofoils show a asmaller

loss of Cj, max at high iinch nwbers than do thicker Ones.
2 Discuasion

2.21 Lov speed stalling properties of unswept wings

A qualltative insight into the stalling characteristics of a wing
can be obtain.d by considering the growth of the boundary layer at
high incidences (Refe7)s A typical potential flow pressure distribution
at high incidences is shown in FPigse5a. The distance between A and 1
on the aerofoil surface iz very amall and it also shows a favourable
presgsure gradient so that along this part o' the acrofoil the boundary
layer will normally be laminars Downstrcam of the point of maximum
velocity the pressure gradient is unfavourable and depending on the
Reynolds number and magnitude ol the adversc pressure gradient, one
of two things may occur, namelys

(2) Tre bourdarylaver will separate from the surface at B whil
refmaining laminar, This is what usually occura at low Reynolds
nunter and results in a gentle stall beeause the Tlow does not
permanently leave the surface biut re-adheres as a turtulent layer
further alonge The muxlmum 1lirt is poor and the 1lift incidence
curve iz flat topy

(t) Transition will occur and because of its greater stability the
turbulent layer will romain on i uriace peyornd e Eventual ly the
turbulent layer will begir to scparate at the trailing edge and dcpendin
on the shape of ti ressure distritution the separation will spresad
forward cither zsradually or sbruptly giving a gentle or a sharp stall.
In eith case Cp, gax Will be considerably higher than if laminar separa-
tion occourred.

The effects of thickness chord ratio, curber and leading edge
radius of curvaturc can also be undsratood by cxamining their respectiv
effects on the pressure distribution. - This has been done partially
by Young in Ref«8, and the main conclusions are:

(2) Camber increases Cp, max

(b) An increase in thickness above 9% ulso increases Cf paxe

(c) sringing the position of the maxinum camber forward is detrimental.

(d) Small leading edge radius of curvaturce ( < 0.005c) usually gives g
rclatively low but gentle type of stall provided that camber

is small ani the wing thickness is not too large.

(e} Ileading edge redius of curvaturc above 0.0lc usually gives higher
maximm 1ift btut the character of the stall is likely to be suddcen.

2422 Effects of compressibility on Cp pax 0 unswept wings

e — —— o — —

At velocitics velow the appearance of shock ‘waves the main effect
of compressibility is to increase the potential flow pressures in in-
ocompressible flow by __1 ard whercfore to increase¢ suction peaks and
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pressure gradicents in that ratic. Az there is no evidenec to suguest
that the boundary layer is more stable in compressitle than in in-
eompressible flow the toundary layer will, if the transition point
remains unaltered, separate wder th wme adverse pressure gradient
and therefore at the same 1lif't eoefficient. No appreciable effeet on
OL max would therefore te expeeted except a slight reduction in the
stalling ineidence due to the increase in ; .

At higher valucs of M a region of supersonic velocities occurs
on the upper surface bounded at th: rear by a shock wave.  Ackeret
(Refs9) has shown that the shape of this shock wave is determined ty
eonditions in the bourdary layer ahead of it; arorked shock wav
forming with laminar layers and a atraight shoek wave forming with
turbulent layers. He also shows that if the bourdary layer ias laminar
ahcad of the shock wave transition occurs between the oblijue and the
rear members of the shoek wave so that the boundary layer behind a shock
vave is always turbulente We ean therefore expegt the effcet of
Reynolds numbter to be greatly reduced after the appearance of shock
waves and this is supported by the experimental evidence on the N.A.C.A.
0012 section (Fig.3)s The evidcnee on the welkin and on the Spitfire
of Fig.l is not conclusive. On the Welkin the 1lift eurves exhibit
a kink at low Mach marhers and subsidiary maxima at high M so that
the wind tunnel eurves of Figel may correspond to subsidiary maxima
similar to those found on the N.A.C.A.001l2 scetion. In the case of' tt
Spitfire the true O pmax vms not attainced because of severe buffeting.

Ackeret (Refe9) also shows that the turtulent layer behind the
shock wave 1s considerably thickened and therefore will tend to separate
more easilys This results in a drop in Cf pax as has bcen found in
all cases (Figel, 2, 3 and &)

As M dis further increascd, the suction peaks are increased amd
the ahock wave on the upper surface is displaced townxds the trailin
cdge.’ A number of pressure plotting measurcments in the R.A.E. and
M.P.L. high speed tunnzls (Ref.10) have shown that exeept for small
loeal peaks there is a limiting value of the pressure ahead of the
shoek wave corresponding to about O3 of the total head of the un=
disturbed streem; an example of this is given in Fige7e  The pressure
distritutions of Fig.6 indieatc that, c¢xecpt for the peaks, the maximum

local X are of the order of l.i whieh corresponds to a L of 0.3l.

4
An exception to this oecurs at M = 0.68 on the N.A.C.A.23015 aerofoil
and a pessible explanation may te that the preessure distritution was
taken ' just beyond the stall instead of at the stall. As the absolute
pressurc on the aerai'oil is limited, the upper surface 1lift coefficient
at a given lMach number depends mainly-on the position of the shoek wave,
This is illustrated in Figs.5b and 6 where the Cr, pax and the preseur
distributions of o eonventional and a low dragz acrofoil arc compared.
The ¢arly rearward shif't of the shoek wave aecounts for the higher
Cr, max of the low drag acrofeil. A further comparison of' Cp sy
on conventional and low drag aerofoils is given in Figz. 2.

Bventually the shock wave on the upper surface reaches ihe trailing
edge and if, as Fig.5 indieates, the lift contritution of the lower

surfade is small, o constant £ of Oa3 on the upper surface gives a
=
i)

CL Pl of the order of 0,9 at K = 0.%
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2.3 Possible methods of improving Cy, max

There appear to be two main effects of compressibility on Cr, maxe

(a) The first is purely a viscous effecect ocourring at relatively
low ilach numbers due to the thickening of the boundary layer by the
shock wave with consequent early separation. The only possible
remedy i'orthis is to apply suction at and immediately behind thc shock
wave.. In practice this would only be possible for a small range

of positions of thc shock wave and thercfore for a small range of Mach
nurberse The best suction msthoi in this case would protably be
distrituted suction over a portion of the upper surface through a
rorous material (Ref.l1-12)s Although of limited practical applica-
tion the testing of this device would tec of use and as most of the
experimental evidence available is on the if.4.C.A.0012~63 section the
suction could conveniently be testcd on this aerofoil.

(b) The second effect is a limitation of thc value of the pressure
ahead of the shock wave which occurs at fairly high Mach numbers.
CL . is then mostly a function of the position of the shock wave

and the further back it is the higher Cp, pax will be. The position

of the maximum velocity at high CL should therefore te as far back as
rossible. livans of obtaining a far back position of the maximum
velocity are; (a) to use¢ a section having a far back position of the
maximum thicknesse (b) to use a thin cambered scction. © Adoption
of (a) normally lcads to largc trailing edge anglcs with conscguent
undesirable pitching moment charactcristics at high speceds (Ref.l)

20 that the furthest back position of the maximum thickness which can
be used is probably only 403 of the chord from the leading edge.

A possible vay of obtaining a far back position of the ma:dimum
thicknesa without large trailing edge angles is to have a discontinuity
in the pressure distribution near the trailing cdge as is done on the
Griffith aercf'eils. The high spced characteristics of Griff'ith aecro-
foils are not known and shoyld be investigated. The use of camber
introduces undesirable tail loads at high speceds and some sort of
compromisc would have to te made on the basis of gystematic tests.

2.5 Conclusions

1. The experimental cvidence available is scanty and its ad hoe
mture makes it impossible to deduce the effect of the various para=-
meters influcneing the aerofoil shape. The only conclusions possible
by examination of the data arc:-

(a) At a given hach nwaber, the Of max of sections with far
back position of the uaximwa thickness is higher than that
of conventional sections owing to the further back pozsition
of the upper surface shock wave.

(t) at high Mach numbers thin aerofoils have higher CL, max
than thicker oncs.

Ze Systematic rescarch on the influence of' profile shape is needed
and as the eff'ect of' Reynolds number appears-small at high Mach number
the systauatic tests could conveniently be made in the N.P.L. high
speud tunnel. The mos% important parauctcrs on which evidence is
reqired are thickness—chord ratio, position of maximum thickness

and cauxber. "
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Je Pistributed suction over the forward part of the wing upper

surface may improve Cr, max OVer a small range of Mach mumbers by removing
the thickened btoundary layer immediately behind the shock wave.

Although of limiied practical application the testing of this devic
would be of us: and as most of the avallatle experimental evidence is

on the NeAsCod.0012-63 section the tests could conveniently be made on
this acrofoil. i

Le In view of the far back position of the maximum velocity at high
C1, obtained on Griffith aerofoils the high speed characteristiocs of
these sections should be investigated.

3 Sweptback wings

3.1 Experimental evidence

No measuranente of Cr, max O sweptback wings at high Mach marber
are knovm. Two cases are knosn howver when 1ift% near the Cf, max
wore measured: in Refe2l a Cp of 0.6 vas measured at M = 0.84 on a
18 thick symmetrical wing section ( maximum t/c at O.4c) with 450
of sweepback and in kef.22 a Cp, of Q.64 was rcached at M = 0,84 on a
12§ symmetrical wing section (maximum t/e¢ at 0.3c) with 45° of sweepback.
In both cases the actual Cf, pay was not reached but both lif't curves
showed some curvatures

3s2 Discussion

3.21 Low speed stalling properties of sweptback wings

A1l the remarks made in Lar'a. 2+21 concerning the variation of
the type of stall with Reynolds number apply also to the swept winge

Theoretical calculations and tunnel measurements (Ref.23-24) have
shown that, at a fixed incidence, sweepback results in a net loss of
total 1ift with the greatest loss taking place at the centre of the
spans At moderatcly large angles of swecpback this results in a span=-
wise distribution of' local Cp's showing a meximum usually in the wing
tip region.  Furthemore McKinnon Viood (Ref.25) and Griffith (Ref.20)
have shown that sweepback has two main effects on the toundary layer,
namelys

(a) A decrease in the effective pressure gradlent duc to the inclination
of the flow to the isobars.

(b) A sidc trawvel of the beundary layer caused by the pressure gradlent
normal to0 the flows On the inner part of the wing this side
travel is outwards, near the tip the side travel is inwards thus
causing a local thickening of the boundary layer.

The first cffect ic favourahle from the point of view of the
boundary layer stability; the secend is unfavoursble. The worat possible
cane therefore occurs when the isobars are¢ nomal to the main siream
because then the adverse effect only is present and the boundary layer
is thickened by inward flow from both sides. Such a condition usually
occurs in the wing tip region. This, together with the incresased
local Cp, at the tips, is thought to account for the premature stalling
of sweptback wingse

Fig.8 gives the results of a pressure ploiting investigation on
a sweptbagk wing in the R.A.E. 24 I't. tunnel at a Reynolds number of

+55 x 10° (Ref.24). The wing plan fom anl sections ar: shown in

-
e




'hoh. Note No. Aero.1867

the same figure. These results are not fully corrected and FigeR
ahould only be taken jualitatively. Pelow the tip stalling incidemnne
the spanwise distribution of local 1lirt coefficient shows a maximum

at about 0.7 of the semi-span from the centre linc. After the tip
stall the load is redistrituted and the maximum ocours, at Oe4 of the
semi~span from the centre line = (Fige9)e O max for the tip sections
is low and the lift curve is flat toppel whilst the local COp pux at

the centre sections is higher than wouid be measured in a two-
dimensional teste This is in agreement with the earlier remarks on

the effect of sweepback on the boundary layer tecause at the centre
seotions only the stabilising effect due to the reduction in the effeotive
pressure gradient is prescnte The Cp pax of & sweptback wing is there=
fore a complicated tunction of the characteristics of the root amd tlp
seotions modif'ied ty the plan form and Reynolds mamber. A typleal
variation of the spamidae 1ift @istritution with incidence on a
aweptback wing is illustrated in Fige9. Same curves of Cp

against angle of sweuphack (Refs 21, 27, 28 and 29) are shown in Figel0s

322 High spced stalling on sweptback wings

The gencral remarks of paras2.22 on the steepening of the presaure
gradients by campressitility apply also in this cases  Becoause of
symmetry the relieving effects of swecpback arv least at the centre
seotion and, as has been observed in some German tests, a shock wave
starts at the centre scction and spreads outwards.

Figs,1l und 12 show pitching moment measurements made in the
R.A.E. high speed tunnel on a symmetrical LK thick wing section
{max. t/o0 at 0.3c) aspuct ratio of 5.8 and taper ratio of 0.57 at
various angles of swecpback (Ref.21l)s The wing was tested .with a
fuselage. The low spced pitching mament curves at 35° and 459
sweepback indicate a ip stall in the nuighbourhood of Cy, = 060 and
0s 50 respectively. At i = 0,82 the tip stall ocours at Cp = 0.45
and 0.5 respeoctively, indicating that part at least of the problem
of the loss of stability at high M is the low apeed problem of early
¢ip stalling, :

The fact that the final stall on a swoptback wing is preoceded by
& tip stall is of spocial importance in the case of tailless designs.
Reoent high specd tunnel tests on the DH.108 (Ref,30) indioate that
although CJ, max 15 probably in excess of 0.6 at M = 0.84 the maximm
that can be trimmed is only of the order of 0.45 owing to the loss
of elevon power due to tip atnllinge

33 Conclusions

Although no measuruments of Op pax On sweptback wings at high
Mach nunber arv known, the final stall of the wing is preoeded by the
stalling of the tip sections which limits the trimmed Cp pa, Of the
wing particularly on tailless designse This is the same problem
already expuricnced at low speeds and n suitablc solution should first
be found thurv. Suction at the critical points for the toundary
layer sepuaration appears to bo the most promising remedy and various
arrangements of' slots are to be tosted nt low speeds (Refo3l)s  These
tests should give an imlication of the juantitics of air r¢guired and
of the practicability or the scheme. Owing to the favouratlec effeot
of sweepback over tie inncr purt of the wing the local Cp pax a2t high
M is likcly to be high at thc intoard scetions so that aitention need
only be paid to the tip scotions. Still higher valucs of O, pay oould
possibly be obtained ty using suction in the aritical region in con-
Junction with any of the previously mentioned methods to improve Op pax
of unswept wings,

8.
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ARPENDIX
‘ Aerofoil Notatlon
Ae  MohsCods Notation for Conventional Sections

1, Ref. NeaeCeis Technical Report Nos 450

Xy ¥y 2 == a,te

x  Maximum canter (K)
.y Position of meximum camber (1/10 ths)
g2 Maximm thickness (%) (2 Figs.)
a
]

Leading edge radius index :
Position of maximm thickness (1/10 ths)

VYalues of a, 0 Sharp leading edge
3 1/, normal

> 2
6 Normal % = 11 (-E)mx}
9 3 times nommal. . |

Epwple: 209 — 34 2K cember at 4O chord, 9% thick, max ¥/o
at 40X chord. l/lo. normel leading edge radius.

2 Refe NeinCoae Technical Report No.537.
Xy Yy 2o

x maximum cember (X)
y Dposition of maximm camber x 2 (%) (2 Pigs.)
£ maximm thickness (%) (2 Figs.)

" Exsmples 23012 2% camber at 15% chord, 12% thicke These seotions
ol S all have their maximm thickness at 305 choxd,

LN TR,

Be Ne&sCeA. Notation for Low Drag Sections
Refys A.ReCe5427, R.s.E. Technical Notu NoeAerc.l0l9
X,¥ = = % =~ 8,be
denotes family to which scction telongs .
position of pressurc ainiumum (1/10 ths)
amplitude of optimum C range, measured from design Cj, (2/20 ths)

design Cr, (1/10 ths)
maximum thickness (%) (2 Figae)

66 - - 2 ~-=216 6 family, peak suction at 60% ohord,

1ift range (optimum) = 0e2 Design C; 0s2 = 16§ thick
In the original notation z was omittéd.
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for Low Section
XY, / a, b

x maximum thickness (%) (2 Figs.)
y poaition of maxe thickness "
& maximm cember (1/1000 ths) "
b position of maximum cambur W

(%)

Bxsgples  12,0/0640 12% thiok at 4LOX chord, 0.6% csabbar at 40% ohord,
- These numbers may be preceded by combinations of the letters
By C, Q, Ho E = elliptic referring to nosc shape as far as
position of maximum thickncss

C = oubic )
Q = quartic ; referring to tail shape
H = hypertolic

.. % * Bafe ReAE. Technicsl Note Noel308

Por sections designed according to the approximate aerofoil
theory with velocity distribution of the "roof=top" type.
The section is defined as:

aAXy; a, b, 65 2L111; al v! 01; Cr,

2L means that the velocity distribution designed for oonsists
of 2 straight lines ) .

a.vo excess of veloocity at the nose

bV, maximum velocity at the point xl :
oV, excess velocity at the trailing edge
2L, means that the distribution of the pressure difference

between upper and lower surface divided by ¥pVo“ oonsists
of 2 straight lines.

Eressure &ifference ¢ the leading edge
i'onz

maximun pressure difference a¢ point X!
Fev,2
Eressure difference 44 ¢he trailing edge
,}pvo""

value of the low speed lift coeffioient at whioch the
speoified loading is obtained,
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JARLE 1

Wing sections of American airoraft on whioch the
measurenents of Cr, max given in Fige2 have besn made.

Alreraft

Root Seotion

Tip Section

CONVENTIORAL SECTIONS

P=38F éLightning)
P6F=3 (Hellcat)

P=39N (Airacotra)
1OW DRAG SECTIONS

P=51B (Mustang)

P=53A (King Cotra)

YP-80A (Shooting
Star )

NeA:CoA423016

NeAsCoAs 23015.6
(modified)

No A Co As 0015

NoAsCoAs North
Ameriocan
Campromise 16f thick

NeA.Ce A.66’ 21"116
a = 006

N.ADCOAOGS - 215

NeA.CoAo 4412
NoAl Ce A4 23009

NoAs CeAe 22009

NeAsCohs North Amerioan

Campromise 11K thiock

NoA.C.A.66, 2X=216
a = 0.6

N.A. CQ A. 65 L) 215
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TN.AERD 1867

FIG.2

|

15| NATIONAL ADVISORY COMMITTER
1
'FOR AERONAUTICS AIRCRAFT AV.ALT. Fe.

CW%NT!WAL. ngCTIONI

FGQF

P« 38F ZS.!OO

P-35N {zsmos
LOW DRA SECTION
P- !IgR - 29,300

P-G3A 32,300

vr-s0A | IR
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SECTIONS
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W
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u
£
3
z
x
<
b

CONVENTIONAL SECTIONS
Fer-3 (HELL CAT)

P-39N (AIRA COBRA )

P -38F
(uc.m-muq)

MACH NUMBER
1

ol
5O'Z 03 04 o5 o6 o7 o-8 09

FIG.2
VARIATION OE C_ MAX. WITH MACH NUMBER

AMERICAN FLIGHT TESTS (REF.16)

(WING SECTICNS IN TASLE |)
(NOTATION APPENDIX I)
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Ne_ 19844 5. _ T.N. AERO 1867

FIG.SAESB.

FIG.SA. POTENTIAL FLOW PRESSURE DISTRIBUTION
AT HIGH INCIDENCE ON A CONVENTIONAL AEROFOIL

2.0

d C'-MAx
SYMMETRICAL NACA 002

L CONVENTIONAL NACA 23015,
X LOW DRAG AEROFOLL
Ll (uaea cs-2-2i8)
S

et B 2

0
0 02 04 0-6 08

FIG.5B. TYPICAL VARIATION OF C_ .., WITH
MACH N¢
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FIG. 6.

NACA 2308 . . NACA 66-2-218

Ms.40 . Me .40

SLMAx= |23 ; CL MAY 96
e |2°® ) «=|Q°

> Mealed|

\ i ] ]

M= %0 :
CL MAX=.93
o = |O°

o-Mezi73 M= &3
Mi=|-40 C{ MAX=].08
« = |Oe

:
!
:

Me=.68 - M= -G8
CLMAX=.G8 Mes|-48 CLMAX=1-03
«= |00 Me 137 &= 8o

© 20 40 G0 80 100 0 %0 40 do Bo 100
F'G.6 PERCENT CHORD
PRESSURE DISTRIBUTION AT MAX.LIFT ON A
CONVENTIONAL AND A LOW DRAG AEROFOIL

(FROM REF.1G )




|
UPPER SURFACE.

— LOWER SURFACE

- PRESSURE DISTRIBUTION ON UPPER & LOWER SURFACES
AT SEVERAL MACH NUMBERS

AEROFOIL NACA.O OO 12-0'55 50/0'5 « = §

(Remooucea FROM REF. | )
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FIG.8
@ oesas

I I
I |

TIP SECTION
IS¥eTHICK RAF34

/

]
: g l
: 1 e
1
|
| /
: i ;
ROOY SECTION
18% THICK RAF 34 / :

_

N\
e

UNCORRECTED ROOT CHORD INCIDENCE

io° 5° 20° 25° 300

FIG8. SPANWISE LOCAL LIFT CURVES ON A
36° SWEEPBACK WING. (REF. 24.)
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